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Abstract
·AIM:Toevaluatetheaccuracyofsphericalequivalent
(SE)estimatesofadouble-passsystemandtocompare
itwithretinoscopy,subjectiverefractionandatable-
mountedautorefractor.
·METHODS:Non-cycloplegicrefractionwasperformed
on125eyesof65healthyadults (age23.5依3.0years)
fromOctober2010toJanuary2011usingretinoscopy,
subjective refraction, autorefraction (Auto kerato-
refractometerTOPCONKR-8100,Japan)andadouble-
passsystem (OpticalQualityAnalysisSystem,OQAS,
Visiometrics S.L., Spain). Nine consecutive
measurements with the double-pass system were
performed on a subgroup of 22 eyes to assess
repeatability.ToevaluatethetruenessoftheOQAS
instrument,theSElaboratorybiasbetweenthedouble-
passsystemandtheothertechniqueswascalculated.
· RESULTS:TheSEmeancoefficientofrepeatability
obtainedwas0.22D.Significantcorrelationscouldbe
establishedbetweentheOQASandtheSEobtainedwith
retinoscopy( =0.956, <0.001),subjectiverefraction( =
0.955, <0.001)andautorefraction ( =0.957, <0.001).
ThedifferencesinSEbetweenthedouble-passsystem
andtheothertechniquesweresignificant(<0.001),but
lacked clinical relevance except for retinoscopy;
Retinoscopy gave more hyperopic values than the
double-pass system -0.51 依0.50D as well as the
subjectiverefraction-0.23 依0.50D;Moremyopicvalues
wereachievedbymeansofautorefraction0.24依0.49D.
· CONCLUSION:Thedouble-passsystemprovides
accurateandreliableestimatesoftheSEthatcanbe
usedforclinicalstudies.Thistechniquecandetermine
thecorrectfocuspositiontoassesstheocularoptical
quality.However,ithasarelativelysmallmeasuring
rangeincomparisonwithautorefractors(-8.00to+5.00D),
andrequirespriorinformationontherefractivestateof
thepatient.
· KEYWORDS: double-passsystem; opticalquality;
retinoscopy;autorefraction;subjectiverefraction;accuracy;
repeatability;trueness
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INTRODUCTION
A
utorefractorsarefrequentlyusedasareferencein
subjectiverefractionsinoptometricand
ophthalmological practice for spectacleprescription.
Althoughatfirst autorefractionwasnotregardedas
sufficientlyaccuratetosubstitutesubjectiveexaminations
[1].
Nowadaystheimprovementinperformanceand,particularly,
inaccuracyhasgainedthistechniqueagreaterconsideration
[2].
Thepopularityofautorefractorsinclinicalpracticeliesin
theireaseofuse,goodresults,andgreatacceptanceamong
cliniciansandpatients.Theseinstrumentscurrentlyrange
fromportabletosophisticatedmultifunctiondeviceswhich
canmeasureocularparameterssuchasradiiofcurvatureor
aberrations.Thefirstautorefractorswerebasedonoptical
principlessuchasstreakretinoscopy,theScheinermethodor
theknife-edgeprincipleamongother
[3,4].Theseinstruments
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haveevolvedover40yearsuntilthecurrentinstruments,
whichincorporatenewtechnologiessuchasdigitalcameras
andcomputersequippedwithsoftwarethatprocessesthe
capturedimages.Theseimprovementshaveproducedsimpler
instrumentsthatneedlessmeasurementtimeandachieve
higheraccuracy,withoutchangingtheopticalprincipleson
whichtheyarebased.
Anewwayofmeasuringtherefractivestateofthehuman
eyeisbasedonwavefrontanalysiswithaberrometers.
Aberrometersprovideadetailedassessmentofhigherorder
aberrationsaswellasthesphericalandcylindricalrefraction
andtheyuselaserraytracingoraHartmann-Shacksensorto
measurethewaveaberrationfunctionandconsequentlythe
refraction
[5-8].
Theaccuracyofautorefractorshasbeenevaluatedand
comparedwithreferencevalues,usuallyobtainedby
subjective refractionorretinoscopy.Similarly,the
performanceofautorefractorsandbetweenautorefractorsand
aberrometershasalsobeencompared
[9,10].
Moststudiesconcludedthatdifferencesinaccuracybetween
autorefractorshadbecomeverysmall,althoughamyopic
shiftappearedwithsomeofthembecauseaccommodation
couldnotbereliablyrelaxed.Autorefractorswitha
closed-viewenvironmentareusuallyequippedwithan
internalfixationtestwhichhasanautomaticfogging
mechanismtoavoidaccommodation,althoughtheyareonly
validforasingledistancemeasurement.Morerecently,
autorefractorsthatallowbinocularviewingofexternal
fixationtargetsinopen-viewformatshavebeendeveloped.
Theseautorefractorsavoidinstrumentaccommodationand
facilitateresearchontheaccommodativeresponseoftheeye
toreal-worldstimuli
[2,6,11].Theyalsoperformoff-axis
refraction, peripheralrefractiveerror,believedtobeone
ofthekeyfactorsofmyopiaprogressionsinceitmight
influenceeyegrowthandrefractivedevelopment
[12,13].
Previousstudiesestablishedthatthemajorityofmodern
table-mountedautorefractorsarehighlyaccuratecomparedto
subjectiverefractioninadultpatients,andthathandheld
autorefractorsshowedlimitations
[14-18].Otherauthorsfound
thatundernon-cycloplegicconditions,autorefractorshada
tendencytowardsminusovercorrectioninchildrenandthat
theiraccuracyincreasedundercycloplegicconditions
[8,19,20].
Ontheotherhand,aberrometerscouldproviderefractive
errormeasurementscomparabletothoseofanautorefractor
[10].
Anewinstrumentbasedonthedouble-passtechnique
(OQAS,OpticalQualityAnalysisSystem,VisiometricsS.L.,
Terrassa,Spain)isnowavailabletoassesstheopticalquality
oftheeye,includingtheeffectofhigher-orderaberrations
andintraocularscattering
[21,22].Thissystemhasalreadybeen
usedsuccessfullyinclinicalandresearchapplicationsto
assessretinalimagequalityinhealthyyoungpatients,in
patientswithcataracts,keratitisanduveitisandundergoing
refractivesurgery,suchasPRKandLASIK,andinpatients
withintraocularlensimplants
[23-30].
Thisinstrumentisnotspecificallydesignedtoevaluatethe
patient'srefractivestate.However,theopticalqualityofthe
eyemustbeanalyzedwitharetinalimageoptimallyfocused
sothatpriortoanyexaminationtheinstrumentmustalways
lookforthecorrespondingrefraction.Thisisachievedby
meansofamotorizedoptometerthatconsistsofan
automatedBadallenssystemwhichallowsthevariationof
thevergenceofthelightbeamattheexit.Ascanningprocess
takesplaceandseveraldouble-passimagesarerecorded.
Next,theinstrumentusesanalgorithmthatdeterminesthe
bestfocusedretinalimageandwheretheopticalquality
measurementswillbemade.Itisimportanttotakeinto
accountthatthissystemcanneitherdetectnorcorrect
astigmatism(ifrequireditmustbecorrectedusingan
externalcylindricallens),sothatitallowsthedetermination
ofthelocationofthediscofleastconfusion, the
refractionintermsofsphericalequivalent(SE),ifa
cylindricalrefractiveerrorexists.
Someauthorshaveevaluatedtherepeatabilityoftheoptical
qualityparametersprovidedbythesystemwhicharerelated
tothemodulationtransferfunctionandtheintraocular
scatteringoftheeye
[31,32].Toourknowledge,theaccuracyof
thesystemmeasuredinSEhasnotbeeninvestigated.We
thereforestudiedtherepeatabilityofthedouble-passsystem,
andcomparedtheseresultswithstandardnon-cycloplegic
retinoscopy,subjectiveexaminationandautorefractioninan
adultpopulation.
SUBJECTSANDMETHODS
Thisprospectivestudywasconductedon65healthyadults
recruitedfromthestaffandstudentsoftheFacultyofOptics
andOptometryoftheUniversitatPolit侉cnicadeCatalunya
(UPC)fromOctober2010toJanuary2011.Theresearchwas
conductedaccordingtothetenetsestablishedby the
DeclarationofHelsinki:allsubjectsgavetheirwritten
informedconsentafterreceivingawrittenandverbal
explanationofthenatureofthestudy,andthestudywas
approvedbytheEthicsCommittee.
Criteriaforinclusionwereasfollows:bestspectacle-
correctedvisualacuityof0.00orbetterinlogMARunits;and
nohistoryofeyedisease,surgeryand/orpharmacological
treatment.Mediaopacities( cornealscarorcongenital
lensopacity)andtearfilmabnormalitywereexaminedwith
theslit-lamp.Contactlenswearerswereaskednottowear
themforatleast24hbeforethemeasurements.Onlysubjects
withapupildiameterof4mmormoreinscotopicconditions
wereincludedinthestudy,asthiswasthesizeusedinthe
measurementswiththedouble-passsystem.Furthermore,
subjectswereincludedinthestudyiftheirrefractiveerror(in
termsofSE)rangedfrom -8.00Dto+5.00D,the
measurementrangefortheOQASinstrument.Onlysubjects
619withacylinderbelow0.75DCwereincludedinthestudy
sinceastigmatismwasneithercorrectedbytheinstrumentnor
withanexternaltriallens.
Subjectsunderwentanoptometricexamination(monocular
andwithoutcycloplegia)todeterminethefollowing
parameters: bestspectacle-correctedvisualacuity;
retinoscopicrefraction;manifestsubjectiverefraction;and
autorefractionbymeansof thetable-mountedauto
kerato-refractometerTOPCONKR-8100(Japan),which
enablesrefractionmeasurementswithaminimumpupilsize
of2mmintherangeof-25to22Din0.25Dstepsandhasa
closed-viewenvironment.Moreover,therefractiveerrorof
thesubjectsmeasuredinSEwasalsoobtainedwiththe
OQASinstrument.
Measurementswereperformedunderuniformandlow
illuminationconditions:Illuminancevaluesatthepupil's
planemeasuredwithaconventionalluxometer(International
Light,IL-1700,USA)were23.3 依1.4lx.Allexaminations
wereperformedbythesametrainedoptometrist.Thefirst
eyetobemeasuredwasrandomlyselected.
Double-passsystem Figure1showsthediagramofthe
OQASinstrument.Theinstrument,madeofalaserdiode
(LD)(wavelengthpeak=780nm)coupledtoanopticalfiber,
recordstheretinalimagecorrespondingtoapointsource
objectinnear-infraredlightafterreflectionontheretinaand
adoublepassthroughtheocularmedia.Amotorized
optometer(automatedBadallenssystem)madeoftwolenses
(L3,L4)andtwomirrors(M2,M3),isusedtomeasureand
correctthesubject'sdefocus.Aninfraredvideocamera
(CCD1)recordsthedouble-passimagesafterthelightis
reflectedontheretinaandonabeamsplitter(BS2).Pupil
alignmentiscontrolledwithanadditionalcamera(CCD2).A
fixationtest(FT)helpsthepatientkeeptheeyealignedwith
thesystemandminimizes accommodationduring
measurements.Theentrancepupilhasafixeddiameterof
2mm.Theinstrumenthasanartificialandvariableexitpupil
controlledbyadiaphragmwheelwhoseimageisformedon
thesubject'snaturalpupilplane.Aspreviouslymentioned,
theoptical qualitymeasurementsofthisstudywere
performedusingastandardexitpupildiameterof4mm.
Beforeassessingtheopticalqualityoftheeye,theinstrument
performsascanningprocessaboveandbelowastartingpoint
ofsphericalcorrectionbymeansoftheoptometer( 依 3.00D
witha0.25Dstep)whichtheusermustintroduceintothe
softwareoftheinstrument.Consequently,thestartingpoint
mustbejustapproximate, withinarangeof 依3.00Dfrom
thetrueSErefraction.Ifthesubjectwasnotwearing
spectacles,thestartingpointselectedwas0D.Ontheother
hand,ifthesubjectwore spectacles,theprescription
measuredbymeansofanautolensmeterTomeyCorporation
TL-3000B(Japan)wasused.Afterthisscan,thesoftwareof
theinstrumentusesanalgorithmbasedontheanalysisofthe
intensityoftherecordeddouble-passimagestoautomatically
assignaSEvaluethatcorrespondstotheimageoptimally
focused,wheretheopticalqualitymeasurementswillthenbe
taken(Figure2).Specifically,thealgorithmlooksforthe
imagewiththemaximumpeakintensityandafterwardsit
introducesacorrectionthattakesintoaccounttheintensity
fluctuationsintheneighboringimagesduetonoisesourcesof
thecamera.
Analysis of Accuracy AccordingtotheInternational
OrganizationforStandardization,theinvestigationof
accuracyinvolvestheassessmentoftwofactors:precision
andtrueness
[33,34].Precisionisdefinedastheclosenessof
agreement between independenttestresults.Thetwo
extremesofprecisionaredefinedasrepeatabilityand
reproducibility.Repeatabilityistheminimumvariability
betweentestresultsandiscalculatedwhenindependenttest
resultsareobtainedwiththesamemethod,inonelaboratory,
withonepieceofequipment,inthesamesubjectbythesame
operatorwiththeshortestpossibletimebetweensuccessive
Figure1Diagramofthedouble-passsystem LD=Laserdiode;
L1,L2,L3,L4,andL5=Lenses;EP=Entrancepupil;ExP=Exit
pupil;BS1andBS2=Beamsplitter1and2;FT=Fixationtest;CCD1
andCCD2=CCDcameras1and2;M1,M2,M3,andM4=Mirrors;
DF=Dichroicfilter;IL=InfraredLEDs.Thefixationtestusedbythe
instrumentandexamplesofimagesacquiredbythecamerasofthe
systemarealsoshown.
Figure2Double-passimagesacquiredduringthescanning
processperformedwiththeBadallenssystem,whichallows
thevariationofthevergenceofthelightbeam.Theimage
optimallyfocused,automaticallyselectedbytheinstrument,is
showningreen.
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readings.Incontrast,reproducibilityisthemaximum
variabilityofatestmethodandisdeterminedwhentest
resultshavebeenobtainedwiththesamemethodonidentical
testmaterialin differentlaboratories,usingdifferent
equipmentandoperators.Truenessisdefinedasthecloseness
ofagreementbetweentheaveragevalueofalargeseriesof
resultsandanacceptedreferencevalue.Thefollowing
estimatescanbedetermined:laboratorybiasandbiasofthe
measurementmethod.Thefirstonereferstothedifference
betweentheresultsofaparticularlaboratoryandthe
acceptedreferencevalue.Thesecondreferstothedifference
fromareferencevalueexpectedtoapplytoallmeasurements
madebythatmethod.Toobtainaccurateestimatesofthe
biasofthemeasurementmethodamulticenterstudyusing
thesamegroupofsubjectswithalargenumberof
measurementspersubjectisrecommended.Inthisstudywe
performedaclinicalevaluationoftheOQASinstrumentto
objectivelyassesstheSE,andweanalyzeditsrepeatability
andtruenessintermsoflaboratorybias.Otheranalyseswere
beyondthescopeofthisstudy.
Repeatabilitywasassessedwiththemeasurementsofthefirst
22eyes,correspondingto11subjects.Theheadofthe
subjectswasproperlypositionedonthechinrest,andthe
optometristmanuallyalignedthepupilwiththeopticalaxis
of thedouble-pass system.Next,nineconsecutive
measurementsoftheSEweretaken.Thepupilwasrealigned
betweeneachmeasurement.Thesubjectwasinstructedto
remainstationary,tofixateontheinternalfixationtarget,to
blinkjustbeforethemeasurementandthentoblinkfreely.
Therepeatabilitywasthendeterminedbymeansofthe
coefficientofrepeatability [COR;1.96timesintrasubject
standarddeviation (SD)],thevaluebelowwhichthe
differencebetweentworepeatedmeasurementsisexpected
toliewithaprobabilityof95%.ThemeanCORwas
obtainedbyaddingthesquareoftheindividualCORsfor
eachindividualeyeandcalculatingthesquarerootofthe
meanvalue
[31,32].
Oncetherepeatabilityofthesystemwasensured,theanalysis
oftruenesswascarriedout.Atotalof125eyesof65subjects
wereconsideredinthiscase,andonlyonemeasurementper
techniquewasmade.Inthecaseofthefirst22eyesusedin
theassessmentofrepeatability,onlythefirstreadingwas
selectedtoperformthisanalysis.Toassessthelaboratory
biasoftheOQASinstrumentwecompareditsreadingswith
thosefoundbyretinoscopy,manifestsubjectiverefraction
andautorefraction,withtheaimofobtainingawideand
completecomparison.Allrefractiveerrorsobtainedbymeans
ofretinoscopy,subjectiverefractionandautorefractionwere
convertedintoSEvalues(SE=sphere+halfnegativecylinder).
ThetruenessoftheOQASreadingswastestedfromdifferent
pointsofview.Firstly,Pearsoncorrelationcoefficients()
wereusedtocomparetheOQASSEvalueswiththose
obtainedbyretinoscopy,subjectiverefractionand
autorefraction.Theuseofcorrelationcoefficientsisauseful
statisticalmethodforthecomparisonoftwodatasetsandhas
beenextensivelyusedbyotherauthors
[9].However,itmust
betakenintoaccountthatthisanalysiscanproducesome
inaccuraciesduetothefactthatitmeasuresthestrengthofa
relationbetweentwovariablesbutnotagreementbetween
them.Aperfectagreementisobtainedifthereadingsofthe
twovariablesliealongthelineofequality,butaperfect
correlationisalsoobtainedifthepointsliealonganystraight
line.Forthisreason,agreementbetweendatawasalso
evaluatedbycalculatingthemeanofthedifferences( the
bias)betweentheSEprovidedbytheOQASandthatof
retinoscopy,subjectiverefraction,andautorefraction,
accordingtotheBlandandAltmananalysis
[35].Thismethod
plotsthemeandifferenceandthecorresponding95%
confidencelimits(CL),definedas1.96timestheSDofthe
meandifference,withinwhich95%ofthedifferences
betweenmeasurementsareexpectedtolie.Thesechartscan
beusedtoinvestigateanyrelationshipinthedifferencesin
SEbetweenthemeasurementsperformedbymeansoftwo
techniquessincetheyareplottedagainsttheaveragevalue.
Finally,ananalysisofvariance(ANOVA)testwasusedto
comparethemeansofthedifferences,withthetwoeyesof
eachsubjectconsideredasdependentvariables.A
Kolmogorov-Smirnov (K-S)testwasusedtotestfor
normalityoftheSEvalues,andalsoofthedifferences
betweenOQASandretinoscopy,subjectiverefractionand
autorefraction.
StatistacalAnalysis Dataanalysiswasperformedusing
SPSSsoftware(version17.0,SPSS,Chicago,IL,USA)for
Windows.A valueof0.05wasconsideredsignificant.
RESULTS
Measurementsof125eyesof65subjectswerefinally
includedinthestudy.Fiveeyeswereexcludedforhavinga
cylinderlargerthan0.50DC.Twenty-threesubjects(35.4%)
weremaleand42(64.6%)werefemale.Themeanageofthe
populationstudiedwas23.5 依3.0years(range:18to49
years).Theirbest-spectaclecorrectedvisualacuitywas
-0.03依0.04(range:-0.18to0.00)inlogMARunits.Table1
showsthemeanrefractiveerrorintermsofSE( 依 SD)andthe
correspondingranges (minimum,maximum)obtainedby
retinoscopy,subjectiverefraction,autorefraction,andOQAS.
Figure3showsthedistributionofSEvaluesamongthe125
eyesrefractedwiththedifferenttechniques.Theplots
illustratetheasymmetricaldistributionoftherefractiveerrors
withatailinthemyopicdirectioninallcases.The
distributionofallvariablesincludedinthestudywere
non-normal( <0.05).
Asubgroupof22eyescorrespondingto11subjectswere
usedfortheanalysisofrepeatability.Fiveofthesubjects
(45.5%)weremaleand6(54.5%)werefemale.Themean
621agewas23.1依3.5years(range:20to33years).Theirbest
spectacle-correctedvisualacuitywas-0.10依0.06(range:-0.18
to0.00).ThemeanrefractiveerrorobtainedwiththeOQAS
intheanalysisofrepeatabilityintermsofSE( 依 SD)was
0.25依0.41(range:-0.50to1.00),themeanoftheintrasubject
SDwas0.10,andthecalculatedmeanCORwas0.22.
Correlationsbetweengroupsofdatawereperformedfirstly
fortheanalysisoftrueness.AsshowninFigure4,significant
correlationscouldbeestablishedbetweentheOQASSEand
theSEobtainedwiththeotherthreetechniques(<0.001).
Secondly,thebiases [themeandifference( 依 SD)andthe
corresponding95%CL]betweenmeasureswerecalculated
(Table2).Figure5showsthecorrespondingBlandand
Altmanplots,wherewhencomparingtheOQASSEwiththat
ofretinoscopyandsubjectiveevaluation,someoutliersinthe
datasetscanbeobserved,mainlyforemmetropesand
hyperopes.Inthecaseoftheautorefractor,theoutlierswere
foundalongthepositiveandalsopartofthenegativerange.
Ifthedifferencesdependonthemean, theyhavea
significantcorrelationcoefficientatthe5%significance
level,conclusionsaboutthemeandifferenceshouldbe
Table 1 Mean refractive error measured in spherical equivalents 
(±standard deviation, SD), and its range obtained by retinoscopy, 
subjective refraction, autorefraction and the OQAS 
(n=125; D: diopters) 
  Spherical equivalent (D) 
  Range 
 
Mean±SD 
Min  Max 
Retinoscopy   -0.45±1.69  -6.13  3.13 
Subjective refraction  -0.73±1.67  -6.38  3.00 
Autorefraction  -1.20±1.67  -6.75  2.00 
OQAS  -0.96±1.67  -6.00  3.50 
 
Figure3Distributionoftherefractiveerrorvaluesintermsof
sphericalequivalentobtainedwiththedifferentrefraction
techniques.Thenormaldistributioncurveisalsoplottedin
eachgraph Allvariablesshowedanon-normaldistribution:A:
Retinoscopy(=0.008);B:Subjectiverefraction(=0.002);C:
Autorefraction(=0.001);D:OQAS(=0.032)(=125;D:
diopters).
Figure4Correlationoftherefractiveerrorvaluesintermsof
sphericalequivalentbetweentheOQASandA:Retinoscopy;
B:Subjectiverefraction;C:Autorefraction ( :Pearsoncorrelation
coefficient, :statisticalsignificance)( =125;D:diopters).
Figure5BlandandAltmanplotsshowingthemeanofthe
differences (meand)andthecorresponding95%confidence
limits (CL)intermsofsphericalequivalentwhentheOQAS
wascomparedwithA:Retinoscopy;B:Subjectiverefraction;
C:Autorefraction( =125;D:diopters).
Table 2 Mean differences (Meand) measured in spherical 
equivalents ( ± standard deviation, SD), and corresponding 95% 
confidence limits (CL) when the OQAS is compared with 
retinoscopy, subjective refraction and autorefraction  
( n =125; D: diopters) 
Spherical equivalent (D) 
Difference between OQAS and 
Meand±SD  95%CL 
Retinoscopy   -0.51±0.50  -1.49 to 0.47 
Subjective refraction  -0.23±0.50  -1.21 to 0.75 
Autorefraction  0.24±0.49  -0.71 to 1.25 
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cautiouslydrawn(Bland,Altman,1986)
[35].Thecorrelation
coefficientscorrespondingtotheBlandandAltmanplotscan
beobservedinTable3.Allcorrelationshad valuesabove
0.05,thereforetheywerenotstatisticallysignificantandthe
differencesdidnotvaryinanysystematicmanneracrossthe
rangeofmeasurements.
Furthermore,intermsofdifferencestheassumptionof
normalitywasvalidinallcomparisons.Asshownin
Figure6,thiswasinvestigatedusingnormalprobabilityplots
andtheK-Stest,nowwitha >0.05inallcases.Wefound
thatthedifferencesinSEbetweentheOQASandtheother
analyzedtechniquesweresignificantlydifferent( <0.001).
DISCUSSION
Beforerelyingonmeasurementsobtainedwithanew
diagnosticdevice,itiscrucialtoguaranteethatitprovides
accurateresults.Theanalysisofparametervariabilitydueto
randomerrorsassociatedwithroutineuseoftheinstrumentis
therefore essentialandleadstotheidentificationof
instrumentmeasurementrepeatability.Inthisstudy,the
repeatabilityoftheOQASSEwasfoundtobeasgoodas
otheravailableautorefractors(COR:0.22D),whichsuggests
thatthisnewinstrumentismorerepeatablethansubjective
refraction
[1,36-38].Althoughsubjectiverefractionisgenerally
consideredthegoldstandardfordeterminingrefractiveerror
measurement,repeatabilitylimitsofupto0.78Dhavebeen
reported.Furthermore,thecalculatedCORwassmallerthan
0.25D,thevaluegenerallyusedinprescribingspectaclesand
thereforeofnoclinicalsignificance.
Ontheotherhand,systematicerrorsproducebiasesbetween
theSEprovidedbythedouble-passsystemandtheother
testedtechniques, retinoscopy,subjectiverefraction,and
autorefraction.Inthiscontext,significantcorrelations(<0.
001)couldbeestablishedbetweentheOQASSEandthat
obtainedwithanyoftheotherthreetechniquesforrefraction,
withcorrelationcoefficients()above0.955inallcases
(Figure4).Thecorrelationcoefficients()havebeenused
alreadybysomeauthors to compareautorefractor
measurementswithsubjectiverefraction
[9].However,the
calculationofthesecoefficientsmayhavesomelimitations
sincetheymeasurethestrengthofanassociationbetween
twovariablesbutnotagreementbetweenthem.Aperfect
agreementisachievedonlyifthereadingsforthetwo
variablesliealongthelineofequalitybutaperfect
correlationisalsofoundwhenpointsliealonganystraight
line.Wereportedtheseresultsbecausetheyoffera
straightforwardandpreliminaryideaofthecomparison.
Moreover,smallmeandifferencesbetweentheOQASSE
andthosemeasuredbytheothertestedtechniqueswere
generallyobtainedinallcomparisons(Table2).The
differencesbetweeneverypairoftechniquescompared
plottedasafunctionoftheirmeanSE(Table3andFigure5)
didnotshowanyrecognizablepattern.Consequently,itcould
beconcludedthatdifferencesdidnotvaryinanysystematic
mannerovertherangeofmeasurements,andthatagood
agreementbetweentechniquesexisted.
ThedifferencesinSEbetweenthedouble-passsystemand
theotheranalyzedtechniquesweresignificant(<0.001).
ThereadingsfromOQASwereonaverageslightlymore
negativethanthosefoundbyretinoscopy-0.51依0.50Dand
subjectiverefraction-0.23依0.50D,whereasasmallpositive
bias0.24 依0.49Dwasobtainedwhencomparedtovalues
providedbytheautorefractor(Table2).Therefore,OQAS
readingscouldbelessinfluencedbyproximal
accommodationthantheautorefractorused,althougha
similardegreewasinitiallyexpectedsincebothdeviceshave
a similar closed-viewenvironment.Thesekinds of
autorefractorsgenerallyproduceresultsthatareovermyopic,
mainlyinyoungsubjects,duetothefactthattheir
accommodationisnotfullyrelaxed
[39,40].Thisisbeingpartially
Figure6Distributionofthedifferencesofrefractiveerror
valuesintermsofsphericalequivalentobtainedwhenthe
OQAS was compared with the different techniques for
refraction.Thenormaldistributioncurveisalsoplottedin
eachgraph Allvariablesshowedanormal distribution: A:
DifferencesbetweenOQASand retinoscopy(=0.090); B:
DifferencesbetweenOQASandsubjectiverefraction( =0.216);C:
DifferencesbetweenOQASandautorefraction( =0.088)( =125;
D:diopters).
Table 3 Correlation coefficients (r) and significance (P) of the 
differences of two measures plotted against the mean, i.e. the 
Bland and Altman plots shown in Figure 5 (n=125; D: diopters) 
Difference between OQAS and  r  P 
Retinoscopy   0.039  0.667 
Subjective refraction  0.001  0.994 
Autorefraction  0.004  0.969 
 
623improvedbytheuseofbinocular,open-viewdesignswhich
allowmovementofarealvisualtargetinfreespacealongthe
subject'sline ofsight, thusstimulatingorrelaxing
accommodationandavoidinginducedartifactsfrom
convergence
[2,6,11].
ThelargestdifferenceswerefoundbetweentheOQASand
retinoscopy,whiletheothertwoprocedures(subjective
refractionandautorefractor)providedsimilarvaluesalthough
withoppositesign.Althoughthesebiasesarestatistically
significant,theyarenotclinicallysignificantexceptfor
retinoscopy,sincetheyaresmallerthan0.25D.Figure6
showsthat35.2%oftheOQASreadingswerewithin 依0.25D
oftheretinoscopicSE,60%within 依0.50D,and76.8%
within ± 0.75D.WhencomparingtheOQASandsubjective
evaluation,56.0%oftheOQASvalueswerewithin 依0.25D
oftheSEmeasuredbysubjectiverefraction,74.4%within 依
0.50D,and86.4%within 依0.75D.Finally,whencomparing
theOQASandtheautorefractor,53.6%oftheOQAS
readingswerewithin 依0.25DoftheSEmeasuredby
autorefraction,79.2%within 依0.50D,and90.4%within 依
0.75D.TheSEvaluesmeasuredbyOQAShadgoodand
similarpercentagesofagreementwhencomparedwith
subjectiverefractionandautorefraction,althoughmore
discrepancywasfoundcomparingwithretinoscopy.Similar
differenceshavebeenreportedinautorefractors,whose
readingswerecomparedwithsubjectiverefractiveerrors
[17-19,41].
Inconclusion,theOQASinstrumentprovidesaccurateSE
estimatesandcanthereforebeusedintheoptometricand
ophthalmologicalpracticeaspartoftherefractiveroutineto
obtainanobjective,repeatableandvalidresultascloseas
possibletotheeventualprescribedrefractiveerror.However,
thedouble-passsystemhasarelativelysmallmeasuring
rangeincomparisonwithautorefractorsandneedsapriori
informationoftheapproximaterefractivestateofthepatient.
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